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1

TOOLPACK FOR MANUFACTURING
CONTAINERS

BACKGROUND

Metal forming toolpacks are utilized 1n the 1roning appa-
ratus for manufacture and form of metallic can bodies or
cylindrical metal bodies and preforms. The metal forming
toolpack 1s commonly constructed of various modules uti-
lized to control the tooling arrangements to produce bever-
age or food containers integral within the metal forming
apparatus of the ‘draw(n) and 1ron” press or ‘wall ironer’.
The toolpack may include multiple modules which house
and integrate the 1roning tooling(s) to iron and form the
metal thickness of specific geometrically shaped metallic
bodies.

Existing toolpacks are limited by configuration and use of
mechanical springs or Urethane type spring replacements in
fixed radial locations. The limited locational action provides
a fixed directional force rate which has no adjustability, nor
any discernible communication with the process. Diflerent
spring rates are only changed with significant machine down
time, mechanical exchanges of spring elements through
operator mtervention, and significant guess work by skilled
analysis. These dampening limitations cause significant deg-
radation of product quality, resulting in lower production
speed and etliciency

The Global unit production of aluminum and/or steel
beverage containers and bottles 1s approximately 200 billion
units per year. More than 90 billion units are produced in the
United States each year. The speed and accuracy at which
these billions of metallic containers are produced with such
high volumes 1n complex manufacturing systems, requires
the utmost accuracy and manageability of total product
population variation.

Manufacturers control the container weight to the mailli-
gram and the measurement of the container walls are held
within microns. This 1s simple if making only a single unat,
but much more ditlicult for manufacturing billions. Approxi-
mately 400 umts are produced every minute on a single
apparatus. Factories are typically using over 8 to 10 of these
metal forming machines in a line. As such, the entire
production line speed often exceeds 2,000 cans per minute.
Manufacturing billions of units thus requires extremely high
precision and control to ensure that the least amount of
material 1s being utilized, with lowest variations 1n wall
thicknesses. Any variation 1s multiplied by millions of units
rapidly multiplied material misuse. It 1s important not to
make mistakes or mismanage any variation rapidly due to
high speed to maintain a consistent and competitive end unit
COst.

Those skilled 1n the art of producing billions of such units
understand weight control and management of variance
across 200 billion units 1s an 1deal aspect of conserving
required materials and optimized production facility efli-
ciency that drive most competitive unit cost basis. There-
fore, the interaction of the toolpack and ironing process
variance dictate the material weight distribution and 1s
critical to 1deal process management outcomes over billions
of units. The lack of external attenuation control or adjust-
ment 1n current production systems, and a limited capability
to optimize ironing process variance, negatively impacts

speed of production and quality of the product being pro-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a high-level perspective illustration of a metal
forming apparatus 1 implementing an example toolpack
disclosed herein.
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FIG. 2A 1s a perspective view of an example toolpack
disclosed herein.

FIG. 2B 1s an exploded perspective view of the example
toolpack shown 1n FIG. 2A.

FIG. 3 1s an exploded perspective view of one of the
toolpack modules.

FIG. 4 are cross-sectional views of various modules of the
example toolpack. One or more of these may be imple-
mented 1n a toolpack.

FIG. § are detailed cross-sectional views of an upper
portion of the various modules shown 1n FIG. 4.

FIG. 6 1s a detailed cross-sectional view of typical
arrangement ol the modules of the example toolpack.

FIG. 7 1s an end view of one of the modules of the
example toolpack.

FIG. 8 1s a high-level block diagram 1llustrating commu-
nication and feedback which may be implemented for the
example toolpack.

DETAILED DESCRIPTION

The toolpack and systems and methods described herein
greatly improve the ability to manage and control can
weilght, can wall variation, material utilization, tooling wear
rates, improve machine efliciency and therefore manage
production performance at the lowest achievable cost basis.
The limitation of manufacturing process ironing control
variables of dampening speed, action, adjustment and con-
trol 1s directly improved through these enclosed novel
embodiments of the invention.

An example high cyclic rate precision metal forming
toolpack 1s disclosed as 1t may be mmplemented for the
ironing process to form can bodies or other cylindrical
bodies and preforms at high rates of speed with minimal
variance. The example toolpack improves dampemng and
force attenuation of tooling control through an integral and
contiguous biasing medium structure which 1s externally
excited and communicated. The example toolpack results 1n
a reduction of vaniance in produced container wall thick-
nesses. The example toolpack also facilitates improved
production speed, product quality, reduced tooling wear,
resulting 1n an 1improved can weight control, reduced wall
variation, improved coolant distribution, coolant impinge-
ment, and coolant tracking.

The example toolpack can be readily implemented into
existing production apparatus such that both skilled techni-
cians, and non-experienced operators are better enabled to
operate the complex ironing processes. In an example, the
toolpack enables critical process optimization through
adjustability without having to shut down the equipment that
would otherwise result 1n a loss of production volume and
profit. An average loss of profit near $85 per minute or every
2,000 cans made, quickly focuses losses resulting from any
downtime. These unique aspects help to vastly improve
production system management control, production
throughput, efliciency and provide novel automation of
existing 1roning processes. The average efliciency of exist-
ing production averages near 85% for common art. With the
improvement discussed herein, efliciency of 90% or greater
can be achieved.

Automation of these manufacturing systems reduces labor
requirements of the utilized machinery work cells and this
reduces overall manning requirements of production. The
financial savings of labor while increasing production efli-
ciency at a lower unit cost basis 1s one of the claimed
embodiments of this invention.
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Before continuing, 1t 1s noted that as used herein, the
terms “includes™ and “including” mean, but 1s not limited to,
“includes™ or “including” and “includes at least” or “includ-
ing at least.” The term “based on” means “based on” and
“based at least 1n part on.” The terms “can” and “container”
are used interchangeably herein to refer to the product being
formed. The term “tool” or “die” may be used interchange-
ably herein to refer to the 1roning tooling and/or ironing die.
The term “drawn” or “ironed” may be used interchangeably
herein to refer to the refer to the process of drawing and
ironing of metallic bodies.

It should be understood that the drawings are not neces-
sarily to scale, and various dimensions may be altered. In
certain 1nstances, details that are not necessary for an
understanding of the invention or that render other details
difficult to perceive may have been omitted. It should be
understood, of course, that the mvention 1s not necessarily
limited to entirety of the particular embodiments 1llustrated
herein.

FIG. 1 1s a high-level perspective illustration of an
example metal forming apparatus 10 i1mplementing an
example toolpack 100 disclosed herein. The example appa-
ratus 10 may be operated to produce light-weight containers,
including food or beverage containers and bottle preforms,
¢.g ‘Bodymaker’, ‘Wall-ironer’ or ‘Canformer’.

The process of the can body formation begins by the
formation of a cup article 1n a separate machine, called a
‘cupping press’. First, a circular “blank™ 1s cut out of a flat
sheet of metal. The disc-shape 1s blanked and fed through the
tooling of a cupping press. The blank 1s “drawn” or pulled
through such tooling into the shape of a “cup”. The cup
article 1s then transierred to the apparatus 10 to feed the can
body formation process of ‘draw and 1ron” (D&I).

In an example, the apparatus 10 includes a continuous
motion flywheel and clutch brake assembly connected
directly to a crankshait 14. Operation of the crankshait i1s
one revolution results 1n a single stroke. The cam on the
crankshaft 14 follows a motion controlled force by air-bag
12 onto a clamping redraw carriage 34 to control the cup
article to be formed into the container, Rotation of the
crankshait 14 1s typically counter clockwise as noted by
direction of arrow 16. The mechanism linkage operates via
primary connecting rod 18 the swing lever 20 to drive
secondary connecting rod 22 against slide yoke 24 and ram
bushing 26. This action drives or “pushes” ram 28 in the
direction of arrow 30 through toolpack 100 and up against
domer 32.

The complete cycle of one revolution of the crankshait 14
completes with return or “pull” of the ram 28 in the direction
of arrow 31. The cam follower mechamism timely returns the
redraw carriage 34 connected to redraw push rod 36 and the
hold-down lever 38 releasing the cup and opening for next
cup placement. The crankshatt 1s similar that of a car engine
(one piston) and cams operate the clamp mechanism to hold
the cup. The punch/ram are moving at about 500 strokes per
minute (about 26 inches) 1n each direction.

The draw and 1ron process 1includes loading the cup article
into the redraw tooling 27, clamping the cup, then the ram
28 forces a punch tool 25 through. During the forward
stroke, the bottom of the cup 1s pushed on the punch 25 such
that the side walls of the cup article are drawn or ““stretched”
as the ram 28 moves through the toolpack 100, thus giving
the cup an elongated shape of the formed can body 8. Each
stage of the tooling reduces the containers walls and elon-
gates the container height correspondingly.

The can body 8 being formed i1s then “stripped” or
released from the ram 28 via stripper 40 on the return stroke,
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and taken away by the unloader assembly 42. Many
machines are also equipped with high pressure air stripping
assistance due to the high rates of speed to remove the
container 8 from the punch 25. This automatically dis-
charges the formed containers 8 such that the next can body
8 may be formed.

Various ironing apparatus drive mechanism designs exist
in the market as common art: examples are Hypocycloid
gear drive, watts linkage drive and various parallel motion
assemblies, etc. The consistency of the 1ironing apparatus 10
all use the ‘toolpack’ 100 to 1rron metal into various container
shapes. The drive mechanism of the apparatus 1s only used
for example and description of 1nvention application, under-
standing various other drive mechanisms may be utilized
with the mvention of the metal forming toolpack 100.

An entire cycle of the 1roning apparatus (both the forward
and return stroke) 1s completed 1n one continuous motion of
360 degrees crankshaft rotation at very high cyclic rates
(e.g., between 150-500 cycles per minute (cpm)) producing
a single container 8 per a complete single stroke. The
toolpack 100 controls the deformation of the metal container
wall between carbide tooling of the ironing die(s) 47 and the
punch 25. Typically, containers 8 require a redraw operation
and multiple ironing operations to reduce the wall and
clongate the container to the desired shape and specifications
within a toolpack. The ram 28 1s typically under ultra-high
forming pressures, loads, velocities and thermal conditions
as the frictional aspects of 1roning increase significantly as
production speeds increase forming velocities directly.

The friction of the tools and resultant thermal reactions of
the metal 1roning process often determines the quality of the
resultant container that i1s produced. The 1roning process
reduces the container wall thicknesses of the starting mate-
rial (e.g., the cup) by about 25%-75%, and elongates the
container walls into the desired final container height and
geometric shape. The desired tolerances of container walls
are required within microns and normal variations desired of
final wall thickness are within +/-0.00015" (7.6 microns).

Process variation adversely aflects the quality of can body
wall and finished can weight accuracy. Process variance
increases as the thermal conditions vary due to production
speeds and duration requirements of 24 hour a day produc-
tion schedule requiring measured precision control and
consistency to produce desired product accuracy. Process
variance also icreases as the die movement attenuation of
ironing forces in axial, radial and/or lateral directions may
become instable or degrade during the ironing process.
Forming velocity has been traditionally limited by these
conditions and 1nteractions resulting in increased variance at
high speeds above 350 units per minute.

The metal forming toolpack 100 disclosed herein may be
utilized to improve the energy of dampening, speed of
dampening and reduced variance of force attenuation during
the ironing process. The production speed of the 1roning
apparatus 1s improved 1in combination with improved sta-
bility of the process variance over time, and this results in
improved consistency of unit quality and lower wall vari-
ance ol formed containers and preforms produced.

Before continuing, 1t should be noted that the example
apparatus 10 described above 1s provided for purposes of
illustration, and 1s not intended to be limiting. Other devices
and/or device configurations may be utilized to carry out the
operations described herein.

FIG. 2A 15 a perspective view of an example toolpack 100
disclosed herein. FIG. 2B 1s an exploded perspective view of
the example toolpack modules of toolpack 100 shown in
FIG. 2A. In an example, toolpack 100 may be utilized to
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control the tooling arrangements required to produce bev-
erage or food containers during the draw and 1ron process.

In an example, toolpack 100 may include one or more
modules 44 and one or more spacer(s) 46. The modules 44
house and integrate at high speed the ironing tooling(s) to
iron and form the metal thickness of specific geometrically
shaped metallic bodies. The spacers 46 simply dictates the
length required between dies 47 of the 1roning elongation
changes of the process. It 1s noted that the toolpack 100 1s

not limited to any spec configuration and/or number of
module(s) 44 and/or spacer(s) 46.

FIG. 3 1s an exploded perspective view of one example of
the toolpack modules 44. The toolpack modules may have
various configurations, as described within reference FI1G. 4
and FIG. 5 as demonstrated. However, each of the toolpack
module 44 may include the general configuration of a
module housing ring 50, dampening structure 352, die carrier
32, and coolant nozzle 34. FIG. 3 1llustrates correspondence
of the perspective view of the module 44 variations shown
in FIG. 4 with the close-up partial (e.g., upper) cross-
sectional views of the various modules 44 shown in FIG. 5.

FIG. 4 shows cross-sectional views of various modules
44' of the example toolpack modules shown in FIG. 3 of
toolpack 100. One or more of these modules 44' may be
implemented into a single toolpack 100'. Any and all com-
binations of Dampening structures 52' may be mounted in
the tooling module housing ring 50'. The die carriers 32' may
be mounted in the dampening structures 52'. Ironing dies 47
are mounted 1n the die carriers 32'.

Individual toolpack modules 44" may be configured to
accept any size tooling 47'. Current Industry standard 1s a six
inch diameter by three-quarter inch wide carbide dies. There
1s no limitation of the design to incorporate other die 47 sizes
of various diameters and thicknesses. The toolpack 100 of
the dampening structure 52 accommodates various diameter
changes via die carrier ring 32 as well ability to accommo-
date new configurations not shown by example.

The dampening structures 52a-¢' includes a unified struc-
tural dampening design which centralizes articulation forces
and attenuation of the ironing dies, thereby maximizing
spring energy, die centralization and speed of attenuation
response. The dampemng structures 352a-e may include
variations of structures molded from urethane or Viton (or
other suitable material) for desired attenuation performance
and long service life. The durometer of the dampening
structure 32' may vary for each die position, e.g., to improve
die 47 attenuation of actual 1roning forces ideal for that
sequence. For example, a dampening attenuation force for a
die 47a 1n the second 1roning sequence operation in the
toolpack 100 may be a higher attenuation force than the
torces required for a die 47" 1n the third sequence of 1roning.
These attenuation differences are mainly controlled by the
metal formation physics of matenal reduction, friction,
lubrication and tool geometries.

The dampening structures 52a-e¢ may include an attenu-
ation design with internal pressurization geometries that
centralizes attenuation forces of the ironing dies 47a-e
requirements of the metal formation process. The geometry
of the dampening structures 52a-e may be configured to
provide variable dampening rates of attenuation to accom-
modate various process changes. Numerous example geom-
etries 56a-e¢ are demonstrated internally within the damp-
ening structures 52a-e for example only. These sample cross
section for each of the modules 44a-e¢ demonstrate innumer-
able geometric and material combination options to 1deally
create radial configurations that optimize 1roning attenuation
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performance. It 1s clear that one or more of these various
dampening attenuation structures may be implemented into
a toolpack 100.

The dampenming structure 52' may incorporate various
internal geometric options 56' of improved dampening
attenuation forces through external excitation and commu-
nication. Internal connection enables internal pressure
chambering 56 to change the media 52 dampening attenu-
ation response. The wvariability of media attenuation
improves tool 47 centering as well as speed of articulation
of the itegrated tooling 47 requirements.

The mternal geometries 56' may include various media,
fluids, gases, gels or other pressuring systems. The media
may also be intermixed or constructed integrally with vari-
ous reinforcement materials and/or geometries 56'.
Examples include but are not limited to fibers, Kevlar™,
steel cable, and/or various cording and/or energizing cabling
construction types of attenuation reinforcement. These
improved attenuation options may extend performance life
of the dampening medium for millions of cycles to last
through years of demanding production.

The dampeming medium 52' functions 1 unison of dis-
placement attenuating the ironing tooling 47" within the
dampening structure 32a-e, also integrating the coolant
distribution 34a-e

The coolant distribution nozzle 34a-¢ focuses the coolant
impingement into the roning area. The nozzle focus may
maintain a stable thermal temperature during the ironing
speed and reduce metal ironing during the manufacturing
process of canmaking.

The speeds are typically as much as five hundred inches
per second (or 45 1t/s). This equates to 30 miles per hour
average forming velocity for each container produced. It 1s
clear that these high rates of metal forming speed require
complete and intimate control of the coolant and tool
movements. The proper application and impingement of
coolant 1s important to controlling the 1rroning temperature at
these high rates of velocity. Excessive temperatures can
cause a loss of material strength through localized temper-
ing. Excessive temperature can result in product failure,
jams, and/or defects being created that negatively impact
product quality aspects. These high rates of forming speeds
demand high precision to maintain optimal and stable metal
forming temperatures.

The coolant channels 57a-e are incorporated within the
die carriers 32a-e, as better viewed 1n FIG. 5. FIG. § are
detailed cross-sectional views ol an upper portion of the
various modules shown 1n FIG. 4. Coolant may be provided
via coolant channels 57a-e feeding the coolant nozzle 34a-e.
This enables coolant delivery that can be optimized loca-
tionally focused 1nto the ironing zone. The example embodi-
ment uniquely icorporates the nozzle geometry to pertectly
locate during any and all displacements of the dies 47a-e
(c.g., as the die 47 moves or floats during the ironing
process, the coolant moves 1 unison 34a-¢). In an example,
coolant delivery may be adjusted to optimize coolant deliv-
ery at the work area of the dies 47a-e.

FIG. 6 1s a detailed cross-sectional view of typical
arrangement of the modules of the example toolpack 100. In
this example, the modules are assembled 1nto the toolpack
100 illustrated 1n FI1G. 2A, including modules 44¢ and 444,
spacers 46a-c, and redraw module 48. The toolpack 100 1s
illustrated of variably defined geometric structure and
makeup of dampening structures (e.g., 52¢ and 32d are
shown), combined with mtegrated die carrier rings (e.g., 32¢
and 32d are shown) and coolant structures (e.g., 34e and 344
are shown).
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FIG. 7 1s an end view of one of the example toolpack 100.
The die elements 47 of the toolpack 100 shown in FIG. 6

may be configured with coolant distribution by coolant
nozzle rings 34. These coolant distribution ports 57 feed
nozzle 34 are not limited to fixed locational die 47 articu-
lation changing impingement 1n all current art. This novel
example, the articulation of coolant distribution 34 1is
focused 1n unison to track the tool position automatically 1n
continuous displacement with die carrier 32. The coolant
nozzle 34 always moves wherever the die 47 moves. This
improves the coolant contact impingement and the loca-
tional focus of the coolant impingement improves thermal
consistency of the 1roning zone(s). The coolant nozzle 34
and distribution automatically tracks, moves, and distributes
coolant 1mpingement to an infinite variance of tooling
positions directly improving thermal stability and thermal
clliciency of 1roning geometric intensity. This enables
improved metal forming production rates, container quality,
tool life and reduced tool wear through the improved coolant
impingement, geometrically optimized thermal stability and
contiguous tool tracking resulting in thermally stable 1roning
processes at higher speeds.

In an example, the toolpack 100 may improve the cen-
tering and dampening response of the necessary tooling with
vastly increased radial energy. The increased mass of damp-
ening structure 52 improves speed and action of the tooling
47 such that improved tooling response articulation to
product quality demands, increased throughput, improved
manufacturing efliciency and direct process feedback 1s
achieved. Ideal management of these high production speeds
and the sheer volume of billions of annual units produced 1s
vastly improved by the increased speed of force attenuation
features and external excitation methods of the example
invention.

The toolpack 100 may also enable integration of damp-
enming energy adjustability and tool articulation through
increased centering forces infinitely oriented structurally 1n
a united and focused external excitation means. Managing
these 1roning responses requirements may be further auto-
mated through linked communication to the process and/or
quality systems. The toolpack 100 may implement a com-
plete axial and lateral force adjustment during the machine
operation and cycling. Examples result 1n vast improvement
of the production efliciency, throughput and quality of

containers produced by the novel ability to adjust and/or
optimize centering force response and dampening quickness
of the toolpack 100.

Existing art has been measured at 85%-92% ethicient for
best 1n class operations around the World. Those skilled in
the art readily understand these efliciencies 85%-92% are
best 1n class. It 1s a claim of this 1nvention to support and
enable significant improvement of efliciency and throughput
by removing the manual requirements of process optimiza-
tion. The manual intervention always results 1 a loss of
production throughput. Maximum machine speeds are never
exceeded or a catch-up speed 1s not viable due to the current
limitation of production speeds are less than 400 cpm.
Production 1s always lost each and every time the 1roning
machine 1s maintained for any adjustment to the process.
The external excitation means and communication with the
process variance 1s critical to achieving higher efliciencies
and therefore producing vast gains in produced annual units
via the apparatus speed up to 400 cpm, running 24 hrs/day,
+360 days per year. Any time (even a minute) that the
machine has to be shut down 1s a major loss 1n productivity.
That lost production cannot be made up.
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The toolpack 100 may further provide a novel application
ol integrated coolant distribution with specifically optimized
locational displacement tracking, movement unification and
directly calibrated communication of variable tooling posi-
tions upon novel integration of die carrier 54 and coolant
distribution structure.

The toolpack 100 turther provides improved dampening,
speed of axial and longitudinal articulation obligations of the
tool 1roning process displacements and attenuation variance
through increased force mass structure combined with
explicit geometric medium construction of dampening struc-
ture 52.

The toolpack 100 further provides tull axial conformity of
greater quickness and force range by integrating completely
encompassing directional articulation, responsively reduc-
ing tooling wear and improving tool life and performance of
the congruent dampening structure 52.

The metal 1s normally sized through various stages or
sequences ol tooling or die(s). These normally include at
least a single redrawing stage, directly followed by subse-
quent ironing sequence(s). The 1roning process requirement
are determined by the desired thickness and shape of the
container required thinning the metal and elongating geo-
metric shape limits of the materal.

The speed at which these articles may be manufactured 1s
often limited by the inherent inability to adjust or adapt
forces of the tooling with intelligence to the process require-
ments readily or by demand. Lack of dampening or speed of
reaction often results 1n excessive thickness variation which
requires operator intervention and/or downtime of the appa-
ratus to remedy. Metal forming velocity and manufacturing
ciliciency rates are degraded by Irequency of created
defects, which can stop, fault, or altogether shut down the
apparatus 1, requiring operator intervention to restart.

The 1roning process utilizes a toolpack 100 which incor-
porates and houses fixed and/or moveable die element(s).
Multiple die elements are comprised of a steel casing and
tungsten carbide or ceramic elements of standard geometric
configurations utilized to form geometrically shaped metal-
lic bodies. Due to the rapid cycling rate requirements, as
much as 150-500 cycles per minute the dampening and
vibration frequencies have been normally attenuated by a
plurality of various fixed force rate biasing springs. The
mechanical springs have been commonly used for many
years and recent improvements have converted these springs
to polymeric or urethane type spring configurations. How-
ever, these configurations lack any sort of force adjustment
or attenuation adaption based upon production speed fluc-
tuations, or variation ol force requirements due to various
process changes, or the optimization ability within process
variables, such as matenal type, material coatings, friction,
die type, lubrication, articulation, and/or formation veloci-
ties.

The toolpack 100 implements a dynamic centering force
attenuation adjustability and intelligence which corrects
limitations of die element dampening resulting from
increased speed of attenuation induced by elevated ironing
forces and process requirements induced from higher cyclic
rates and reduced variation necessity. The novel dampening
structure 52 may be implemented to adjust intensity of the
dampening to improve the reaction speed of the tool to the
workpiece through the optimization of force attenuation and
energy focus with process intelligence (described in more
detail below with reference to FIG. 8).

The vanable intensity of dampening attenuation structure
may be implemented as a unitary circumierential integration
of a contiguous structure or structured geometrically involv-
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ing full force range optimization. The dampening structure
(or structures) 52 incorporated within the modules 44 have
a substantially increased biasing mass to create an improved
force intensity attenuation and dampening speed. In an
example, the dampening structure 52 can be a fully adjust-
able and attenuated energy dampening structure by material
construction as well combined with various geometric
options, such as those shown as geometric profile options
56.

The toolpack 100 enables dampening intensity 1n a plu-
rality of combinations of force attenuation(s) and orientation
combinations of i1deal fitment to the service requirement of
the iroming and metal forming process of the metallic
geometrically shaped bodies. The dampening structure
medium 52 1incorporates various combinations of geometric
configuration, material variance, construction options 1in
combination with external excitation (e.g., via communica-
tion component described below with reference to FIG. 8),
produces countless options of design specificity to the metal
formation process needs. The toolpack 100 also enables a
plurality of options and various combinations, formulations
of fitment within the biasing medium structure 52 to opti-
mize the dampening response intensity profile via specific
orientation, optional geometric profiles or construction
within the machine axis of orientation. These variations
enable the toolpack 100 to be optimized for the dampening
force intensity needs and requirements of specific ideal
radial orientations to the machine and metal forming orien-
tation needs.

The toolpack 100 imncorporates the novel configuration of
the biasing medium 52 to include numerous geometric
options of orientation such that regionalized force intensity
profiles may be intelligently configured for various geomet-
ric shapes or process requirements. The novel ability to
combine external force attenuation with geometric configu-
ration creates a plurality of pattern combinations 1deally
suited for the interactive intelligent response of the metallic
body formation process. The combined ability to enhance,
arrange and patterming of the geometric variables 56 of the
dampening structure 52 in combination with force attenua-
tion 1s a unique and novel claim of this invention.

The toolpack 100 provides complete ability to optimize
the cylindrical forces through varied regions of attenuation
intelligence, such that accuracy of the roundness of the
metallic cylinder formation and the thickness varnation of
the metallic cylinder walls 1s optimized. The structure of the
biasing medium for dampening structure 52 enables various
iputs of energy that may be i1deally located to specific
quadrants, regions or orientation of the specific metallic
body requirements. This enables the invention to improve
the dampenming forces 1n various regions or alter various
other regions to optimize the metal forming processes. The
toolpack 100 improves metallic formation capability and
quality regardless of geometric configuration of the metallic
bodies.

The toolpack 100 directly improves attenuation of the die
clement 47 speed of movement and reaction to the process
by the increased mass of the radial biasing medium structure
of the dampening geometry 52 1n complete radial integration
of the entire circumierential configuration of the dies 47.
The toolpack 100 embodies directly the increased biasing
mass and volume of the resilient medium of dampening
structure 52 being congruent and equally biasing response
through the enftirety of the radial geometry improving the
speed of response demands and quickness of dampening.
This improves the metal formation process as the die (tool)
47 maintains more consistent contact of the tooling and
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metal through the full and directional displacement commu-
nication with workpiece and tooling surfaces through a
geometric balance of attenuated 1roning forces.

The toolpack 100 specially provides increased structural
configuration of energy of mass and dampening force
attenuation with distinct equalizing axial communication
through 1ntelligent lateral dampening force control through-
out the entire sequence of the 1roning process actions. The
toolpack 100 enables the integral dampening structure 52 of
increased dampening means through the increased cross
sectional mass energy 1n combined internal excitation means
ol completeness 1n biasment structure orientation options
around the enftirety of the geometric configuration of the
toolpack module and die tooling 47 directly improving
manufacturability, product quality, production speed and
process capabilities.

The toolpack 100 also includes the integration of a
complete radial centering medium of significant design
variation, pattern configuration 56 and construction such
that the 1roning die elements (tools) 47 may be quickly and
repeatedly centered to a “home’ position with greater accu-
racy and speed. The dampening structure 32 includes bias-
ment options 1in a plurality of internal geometric arrange-
ments and configurations, resulting 1n sigmificantly
improved quickness of tool 47 action and intelligent
response to the process requirements resulting in optimized
ironing forces. In an example, the toolpack 100 improves the
die 47 attenuation and centering response to maintain a
centralized or ‘home’ position such that production and
manufacturing speeds, quality and throughput are greatly
enhanced over prior art. This novel embodiment combines
the unified compliant medium structure 52 with options 1n a
plurality of imntegrated geometric shapes 36, structures and as
well matenials. The toolpack 100 enables infinite options of
centering and biasing force intensities that may be ideally
enhanced by construction, material combinations and 1nter-
nal geometric applications chambering 56 when combined
with the ability to be externally attenuated 62 and/or excited
dampening or systematic force response intelligently 64.

The toolpack 100 may further provide complete circum-
ferential dampening force adjustability of definitive force
intensity required of the ironing forces through novel com-
bination of dampening structure 52 and a communication
control unit 60, discussed 1n more detail below with refer-
ence to the communication 60 and control system 64 of FIG.
8. In an example, the toolpack 100 may responsively aug-
ment the force and quickness of dampemng feedback
directly automating and optimizing the metal forming pro-
cesses to the ideal requirements of 1roning through novel
combination of the dampening structure 352 attenuation,
excitation and the communication control unit 62. In an
example, the toolpack 100 may provide novel configurations
of communication to the manufacturing process 200 such
that the system of manufacture may now become configured
for autonomous control and management resulting 1n sig-
nificantly reduced labor, improved quality and higher pro-
duction throughput. The toolpack 100 yields a novel ability
to increase speed capability, while providing a distinct
ability to adapt and adjust the communication intelligently
200 on demand to coordinate optimal force responses result-
ing in much lower varnation at much higher production rates
and metal forming velocities. This vastly improves manu-
facturing efliciency and apparatus production throughput.

FIG. 8 1s a high-level block diagram 1llustrating commu-
nication 64 and feedback 60 which may be implemented for
the example toolpack 100 via a communication and control
system 62. The communication and control system 200 may
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include a commumnications component 60 operable to seli-
adjust and modulate 62 associated with the toolpack 100
(see, e.g., FIG. 7) of the can forming apparatus 10, and a
controller or processor 64. In an example, a user or operator
1 may interact with the communication 60 and control
system 200 via a control and adjustment interface 62. In
another example, the control and adjustment interface 62
may be entirely automated and/or simply monitored by
operator 1.

In an example, a tooling communication and control
system 200 may be provided for the toolpack 100. The
communication and control system 200 enables adjustment
of the dampening force intensity 62. In an example, the
communication component 60 controls, senses and adjusts
the toolpack 100 biasment due to process requirements
through external excitation methods. This communication
also enables ntelligent feedback through direct sensing and
interaction during the metal forming process so that the
tooling forces can be optimized without disassembly or
intervention in the apparatus 100, reducing or altogether
climinating machine 10 stoppage and associated loss of
production. The communications component 60 also enables
logical management of a specific intensity of required
attenuation forces for ironing 1n a controlled methodical and
scientific manner to dampen, excite and optimize the vari-
able movements of the die elements 47 during the ironing
process, being comprehensively optimizable, adjustable
through external excitement 62, with distinct interactive
specific commands 1ssued to the tooling. The communica-
tions, sensing and control component 60 also enables opti-
mization via unskilled operator 1 to use simple adjustments
‘on the fly’, to change, correct and optimize the intensity of
the metal formation forces with diverse and directional
correlation via intelligent control communications 60.

The adjustability of the toolpack 100 enables the enhance-
ment and correlation of the management of process 1mputs to
optimize performance within the complexity of the numer-
ous random process variables of material alloy or type,
material thickness, speed of machine cycle rates, increasing,
metal forming velocities and a plurality of process mduced
input variations which may now be directly sensed, corre-
lated and intelligently 64 managed to specific set points or
measurements. These readings, set-points and adjustments
can be predictable from various other process combinations,
data mining such that they become programmed 200 into the
production requirements of specific configurations or i1deal
product needs. This enables production planning, and pro-
cess optimization for various container sizes, requirements
and variable process needs to improve overall size change,
labor requirements, production ethiciencies and unit output.
These embodiments enhance this novel simplification of
intelligent process adjustment 200, scientific optimization
and manageable regulation of the i1roning process. This
unique ability to sense, adjust, enhance and change the
toolpack 100 system demands enables the operator 1 to
intelligently optimize the itensity of dampening forces of
the die elements 47 centering, attenuation and reaction speed
for each application such that the mmproved quality,
increased speed of production, ramp up slope and the net
clliciency of manufacture of metallic bodies 8 15 systemati-
cally enhanced through managed scientific optimization of
the metal forming process.

The communication component 60 significantly improves
the manufacturing production speed, efliciency and quality
of the metallic cylinders by interactively attenuating the
dampening force intensity profile of the unique dampening
structure medium 52. The communication component 60
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provides the ability to optimize the external management of
tooling response with process feedback and sensing of the
ironing and metal formation tooling interactions directly
enabling attenuation adjustment automatically or by opera-
tors and technicians to increase machine speed, cycle rates
and quality of containers produced.

Container weight(s) or management of the weight of the
metallic body 1s measured with high frequency to control
scrap weight and saleable container weight resulting 1n
overall material usage efliciency. The system provides pro-
cess feedback of weight variance via the communication
component 60, and the ability to sense and externally adjust
the force excitation of the tool within the metal forming
process, may improve the management capabilities of pro-
duction parameters 200. The production control 1s critical to
success as the volume of units 1s 500/minute which 1s:
30,000 units per hour, 720,000 units per day, equaling 260
million units per year, for each machine 10. Management of
these process variables may improve the quality of the
containers produced as well as reduce the tool wear, tool
usage requirements and material consumption rates. Highly
intelligent container weight control process management
systems 200 may be implemented to control the metallic
material consumption and final product material volumes
with ultra-high precision and consistency over the entire
production population of billions of units 8.

The communication and control component 60 also pro-
vides the ability to sense and communicate dampening,
centering force intensity through a plurality of pressurization
means and mechanisms arrangements of the attenuation and
dampening structure 52. External excitation in combination
with sensing and complete geometric options of material
structure 56 magnifies the arrangement intelligence of com-
binations and capabilities 62 with unique and novel com-
munication control of the metal forming process 64. This
example further facilitates automation development 200 of
the 1roning and metal forming process such that instrumen-
tation and sensing capabilities of the toolpack modules 44
may continue to be developed and intelligently simplified.

In an example, the communication component 60 may
also enable instrumentation via MEMS or micro sensors,
temperature, force, vibration, Bluetooth’ or related pressure
sensing devices and articulation feedback of the modules
44'. As such, the process automation with direct measure-
ment, feedback and process controls 60 of i1deal configura-
tion can be harmonized and linked by the production man-
agement systems 64. An example may include the
contiguous dampening medium structure 32' of various
geometric chambering patterns 36' or shapes combined with
various excitation materials to enable a simplified measure-
ment, sensing and response system. Various geometric pock-
ets 56 and/or pressure or displacement sensing feedback
regions may be placed to ideally communicate the attenu-
ation requirements of the process intelligently. The inte-
grated medium structure 52 of dampening medium may also
provide distinct attenuation and precise process feedback,
various measurements and communication with manufac-
turing system automated controls 200.

The ability to self-momitor, sense and measure system
responses can be linked directly to the self-adjustability
through automated pressure valve(s) or force attenuation
systems which directly adjust and vary changes of attenu-
ating forces or dampening response of the dies 47. Alterna-
tively, the pressure mediums of dampening structure 32
attenuation may be a plurality of sources, such as hydraulic,
magnetic or other readily available force mechanisms to
modulated tool position and dampening attenuation of the
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dies 47 based upon correlated communication feedback with
statistical process control measurements of can bodies 8 and
a plurality of various other process measurements of the
production or quality systems. Corresponding force attenu-
ation via quadratic relationship or regional geometrically
specific sensing and/or excitation may be directly altered
automatically in force intensity or attenuation demands
directly improving the variance and performance of the
metal formation processes.

In an example, the communication component 60 can
directly communicate with statistical process control (SPC)
systems and/or automated manufacturing systems interlink-
ing the ability to sense, attenuate, adjust, momtor and/or
optimize the dampemng intensity demands directly reducing
manning and labor requirements of the prior art processes.
Recording various manufacturing metrics of the 1roning
process over production intervals of time enables intelli-
gence of process never before created by existing art. This
permits the automation of manufacturing management pro-
cesses to dynamically communicate and/or measure each
toolpack module, to each individual die element, each
container produced or any various combinations of lines or
machine(s), apparatus throughout the entirety of the con-
tainer manufacturing system.

It will be understood by those having ordinary skill 1n the
art alter becoming familiar with the teachings herein that the
toolpack 100 and the communication component 60, provide
a competitive advantage to create a self-autonomous manu-
facturing system(s) ol the metal forming and ironing pro-
cesses. The variable geometric configurations of the con-
tinuous geometric biasment structures 52 and combination
of patterns throughout the entirety of the container shape
provide a creative ability of attenuating forces, dampening,
externally, sensing feedback without complexity and high
cost of construction—while maximizing process capability,
intelligence and economic value of options to easily manipu-
late benefits of production speeds and container quality
without stoppage of the machine. The examples described
herein provide direct claim to increase unit production, unit
quality and net output while reducing manning and labor
requirements over a lower unit cost basis through higher
production speeds and improved product quality.

It 1s noted that the examples shown and described are
provided for purposes of illustration and are not intended to
be limiting. Still other examples are also shown and con-
templated.

The 1nvention claimed 1s:

1. A toolpack for manufacturing containers, the toolpack
having a plurality of individual modules and a control
system, each module comprising:

a module ring;

a dampening structure within the module ring, the damp-
ening structure comprising a contiguous dampening
mechanism comprising at least one pressurized cham-
ber:;

a die carrier and an 1roming die within the dampening
structure;

a coolant structure integrated within the die carrier; and

one or more sensors configured to produce a signal
indicative ol a parameter;

wherein the control system 1s coupled with the dampening
structure, and wherein the control system 1s configured
to recerve the signal from the one or more sensors and
adjust the at least one pressurized chamber based on the
signal.
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2. The toolpack of claim 1, wherein the adjustment of the
at least one pressurized chamber 1s configured to centralize
articulation forces and attenuation of the ironing die.

3. The toolpack of claam 1, wherein the dampening
structure 1s performs radial articulation and lateral force
intensity attenuation through adjustment of the at least one
pressurized chamber.

4. The toolpack of claim 1, wherein adjustment of the at
least one pressurized chamber provides adjustable force

intensity attenuation.

5. The toolpack of claim 1, wherein the dampening
structure provides an axial and lateral dampening force.

6. The toolpack of claim 1, wherein the at least one
pressurized chamber comprises a plurality of various geo-
metric chambers 1n geometric configurations selected based
on a desired force intensity, attenuation and service longev-
ity of the dampening structure.

7. The toolpack of claim 1, wherein the at least one
pressurized chamber further comprises a plurality of geo-
metric chambers located at different locations around or
within the contiguous dampening mechanism.

8. The toolpack of claim 1, wherein the contiguous
dampening mechanism 1s actively energized.

9. The toolpack of claim 1, wherein the contiguous
dampening mechanism 1s passively energized.

10. The toolpack of claim 1, wherein the parameter 1s one
or more of pressure, location, temperature, or vibration.

11. The toolpack of claim 1, wheremn the at least one
pressurized chamber 1s adjustable by fluid, gels, or electri-
cal/magnetic excitation based on the signal from the one or
more Sensors.

12. The toolpack of claim 1, wherein the adjustment of the
at least one pressurized chamber produces responsive articu-
lation 1n both a radial axis and a lateral axis.

13. The toolpack of claim 1, wherein the control system
1s Turther configured to adjust the coolant structure based on
movement of the ironing die.

14. The toolpack of claim 1, wherein the control system
1s configured to adjust the at least one pressurized chamber
within the contiguous dampening mechanism on the basis of
a desired product quality being produced by the toolpack.

15. The toolpack of claim 1, wherein the control system
1s configured to receive external sensor readings from the die
carrier including monitoring of tool positional energy, inten-
sity and speed of dampening response mechanics.

16. The toolpack of claim 1, wherein the contiguous
dampening mechanism 1s a molded structure.

17. The tool pack of claim 16, wherein the molded
structure comprises urethane or Viton.

18. A toolpack for manufacturing containers, the toolpack
having a module comprising:

a module ring;

a dampening structure within the module ring, the damp-
ening structure comprising a contiguous dampening,
mechanism comprising a plurality of pressurized cham-
bers;

a die carrier and an 1mroning die within the dampening
structure, wherein the contiguous dampening mecha-
nism surrounds the die carrier;

one or more sensors configured to produce a signal
indicative of a parameter; and

a control system coupled with the dampeming structure,
wherein the control system i1s configured to receive the
signal from the one or more sensors and adjust the
pressurized chambers based on the signal to provide
variable dampening rates.
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19. The toolpack of claim 18, further comprising a coolant
structure comprising a coolant nozzle configured to move 1n

unison with the 1roning die.
20. The toolpack of claim 18, wherein the plurality of
pressurized chambers are spaced from each other and have 5

different shapes to provide regionalized force intensity pro-
files 1n relation to a Cartesian orientation within the tool-

pack.
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